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EXECUTIVE SUMMARY

The objective of the East Bay Municipal Utility District’s Mokelumne River Chinook Salmon
and Steelhead Monitoring Program (monitoring program) is collection of information on the
ecology and management of anadromous salmonids and other fishes inhabiting the lower
Mokelumne River. This report provides summary data for fishes captured, assessments of the
downstream migration of juvenile fall-run chinook salmon and steelhead, and results of mark-
recapture experiments of hatchery-reared juvenile salmon migrating through the Sacramento-San
Joaquin Delta during 1998.

Two rotary screw traps were fished for 225 days between December 13, 1997 and August 2, 1998
at Woodbridge Dam. Juvenile chinook salmeon were the most abundant species captured.
Prickly sculpins and juvenile Pacific lampreys were the next most abundant native fishes. A
number of sunfishes (family: Centrarchidae) and juvenile common carp were the most abundant
introduced fish species’ trapped. Young-of-the-year fall-run chinook salmon emigration pattern
was bimodal with distinct peaks for fry in late-January/early-February and for smolts in May.
Fry numbers diminished by early March. Most fry passing Woodbridge Dam were recently
“buttoned-up™” (with fully absorbed yolk-sac). Although trapping was started on different dates
since 1990, abundance of naturally produced chinook salmon (fry and smolts) in 1998 was the
highest so far observed, estimated at 1,848,539 (95% C.I. : 1.543.355 - 2,592.219).
Approximately 70% emigrated as fry and 30% as fingerling smolts.

Of 445 steelhead smolts (age 1+) captured from December through July 1998, 87% were adipose
fin clipped. Over 95% of smolt-sized steelhead were captured within one month of the MRFI
steelhead smolt release. Fiftv-one YOY steclhead were captured from January to August, mostly
from mid-April through July 1998. No abundance estimate for steelhead was possible. Seven
juvenile kokanee salmon. presumed to have passed by Pardee and Camanche Dams, were
captured from January to August 1998.

River flows at Woodbridge Dam ranged from about 500 to1,000 cfs from December 1997
through January 1998. Flood control releases increased flows to a peak of about 3.500 efs in
mid-February followed by a gradual decline to between 1,400 to 1,700 cfs by the end of March.
Flows remained at these levels until late June when flows increased to between 2,000 to 3.200
cfs through July. Daily water temperatures at Woodbridge Dam through the rearing and
emigration season varied from 49°F early in the year to 62°F in June and July. No distinct
associations were observed between the abundance of juvenile salmon emigrants and the range of
river flows and water temperatures experienced in 1998. Peak catches of fry were associated
with storms and increased turbidity. Fry abundance was coincident with the expected timing of
their emergence from the redds peaking in late-January/early-February. Fingerling-sized salmon
smolts were observed in the traps after mid-March as in past years. Smolts were abundant from
April through June, peaking during the full moon in May. During the peak migration period,
salmon smolts migrated mostly during the night and moming hours with notable peaks of
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abundance near dawn, through the morning hours, and again near dusk. Estimated migration
abundances during daylight hours were generally low throughout the season. Little flow
variation occurred during the smolt emigration and no specific conditions appeared to be
associated with the patterns of migration.

Two duplicated groups of approximately 103,000 hatchery young-of-vear (YOY) chinook salmon
were coded-wire tagged and released in the Delta to evaluate migration survival during the peak
of the migration and coincident with a managed Delta pulse flow from April 15 to May 15, 1998.
A test group of marked fish was released in the Mokelumne River near its confluence with the
Delta and a control group was released 7 days later in the San Joaguin River below the
Mokelumne River confluence near Jersey Point. The estimate of relative survival was 35.5%
(95% C.I. = 26.8% to 44.2%) for the test group compared to the control group. This was the
highest survival for this evaluation since 1996. Survival of Mokelumne River smolts migrating
through the Delta was higher but comparable to that for Merced River smolts emigrating from
the San Joaquin River which averaged 31%.

From March 1 to August 2, 1998, 55,632 naturally produced chinook salmon were captured,
coded-wire tagged. and released at Woodbridge Dam. Approximately 8,500 of these were tagged
and released as fry or parr. Thirteen fish tagged as fry and 20 tagged as smolts were recaptured by
the USFWS trawl at Chipps Island from April to June 1998.

Mokelumne River Salmon and Steelhead Manitoring Program:
1998 Juvenile Saimonid Monitoring Tasks 3 & 4 Report
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I. OBJECTIVES

This report addresses two objectives of East Bay Municipal Utility District's (EBMUD) 1997-98
Mokelumne River Chinook Salmon (Oncorhynchus tshawytscha) and Steelhead (0. mykiss)
Monitoring Program:

Monitor abundance and emigration timing of juvenile anadromous salmonids within the
Mokelumne River.

Conduct mark-recapture experiments to determine survival of hatchery-reared chinook
salmon smolts migrating through the Mokelumne channels of the Sacramento-San
Joaquin Delta (Delta).

These objectives are integral to the ongoing collection of information on the ecology and
management of anadromous salmonids in the lower Mokelumne River (Figure 1). Specific tasks
performed in support of these program objectives during 1997-98 were:

Monitor the daily abundance and downstream migration patterns of naturally produced
juvenile anadromous salmonids passing the Woodbridge Irrigation District Dam (WIDD).

Monitor size and condition of emigrating juvenile anadromous salmonids and determine
the proportions of juvenile salmon emigrating as fry and as smolt-sized salmon.

Evaluate juvenile anadromous salmonid emigration patterns related to environmental
factors (i.e., stream flow, water temperature, lunar phase, precipitation. water turbidity,
and time of day).

Coded-wire tag (CWT) naturally produced chinook salmon smolts for ongoing
assessments of population-level responses to management actions and fishery recruitment
of the Mokelumne River fall-run chinook salmon stock.

Assess the relative survival of CWT Mokelumne River Fish Installation (MRFI)-reared
salmon smolts migrating through the Delta under various hydrologic and water
management conditions.

Evaluate the results of the preceding tasks in the context of ongoing resource monitoring
activities and management actions on the lower Mokelumne River.

Muokelumne River Salmaon and Steellead Monitoring Program:
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II. METHODS
2.1 Downstream Migrant Trapping at Woodbridge Dam
2.1.1 Rotary Screw Fish Traps

Woodbridge Dam has been used as a trapping site for downstream migrant salmonids since
inception of EBMUD's Mokelumne River Fishery Monitoring Program in 1990. During
December 15, 1997 until August 2, 1998, two 2.4-m-diameter rotary screw fish traps were fished
in tandem immediately downstream from Woodbridge Dam (Figure 2). The two traps were
rigidly connected side by side. The trap suspension and operation system at Woodbridge Dam
was similar to that described by Vogel and Marine (1994). When feasible, traps were positioned
where the trapping cone rotation could be maintained at a minimum 4 revolutions per minute,

2.1.2 Fish Handling and Measurements

The fish traps were tended at least twice daily. This was generally done early in the moming and
late in the afternoon. During periods of high riverine debris loads and/or large catches of fish,
the traps were attended more frequently throughout the day. Fish captured were transferred from
the trap live boxes with dip nets to 20-liter (L) buckets filled with fresh river water. To facilitate
longer holding times (>15 minutes), fish were transferred to a 380-L PVC flow-through holding
tank with a flow rate of about 35-L per minute. Fish were sedated in aerated river water with 30
to 50 mg/L of tricaine methane sulfonate' buffered w/w with sodium bicarbonate. This
formulation was selected for rapid and short-term induction of a moderate level of sedation for
most of the species captured (Summerfelt and Smith 1990). All fish were identified to species
(when possible) and enumerated.

Up to 30 of each salmonid species captured in each trap during each trapping period were
randomly sampled for measurements of total length (TL) and fork length (FL) in millimeters
(mm) and weighed in grams (g) on an Ohaus CT1200 portable balance. Weighing was done in
tared beakers of fresh water set on the balance pan. Individual sedated fish were gently blotted
on a moist sponge to remove excess water before weighing to ensure measurement of true wet
weight, These measurements were recorded along with observations of external disease and
injury. All adipose fin-clipped salmon (indicating CWT implants) and salmon otherwise marked
that were observed among the fish counted or measured were recorded. After counting and
measuring, fish were gently placed in a 20-L bucket of fresh river water or live car placed in a
flow-through tank with pumped-in river water to recover from sedation before being released
downstream of the traps. Total processing time for individual fish from sedation and
measurement to recovery and release was generally 13 to 30 minutes. Fish were distributed
among several buckets or live cars to avoid overcrowding and depletion of dissolved oxygen

"Finguel" formulation. sold by Argent Chermical Laboratories, Redmond, Washington.
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(DO} during the processing procedures. To ensure DO remained at sufficient levels in holding
buckets, water was exchanged about every 5 to 10 minutes.

Surface water temperature was measured with a mercury-filled thermometer, water clarity was
measured with a secchi disk, and turbidity samples were collected at the trapping site each time
traps were attended. Any other relevant biological or environmental conditions potentially
affecting trap performance or fish behavior (e.g., incidence of predators, incidence of poaching,
debris loads in traps. changes in river flow, or spill configurations at Woodbridge Dam) were
recorded when observed.

2.1.3 Trap Maintenance and Debris Management

Riverine and urban-generated debris can impair operation of the rotary screw traps. Of particular
importance at the Woodbridge Dam site are large tree limbs and floating lumber. Tree limbs and
floating lumber larger than about 40 em long and 10 em in diameter entrained into a screw trap
usually stopped rotation of the rap. These occurrences required increased trap inspection
frequencies and were most common during the stormy winter season and during increases in
discharges from Camanche Dam or adjustment of flashboards in Woodbridge Dam. Discarded
monofilament fishing line was also a periodic problem especially during episodes of illegal
fishing in the vicinity of the dam and traps during the spring and summer months. All debris and
fishing line were cleared from the trap at least twice daily and up to four times daily during heavy
accumulations. A debris deflecting boom was installed approximately 4 to 6 meters upstream of
the traps and tested for efficacy and effects on fish in July 19985.

Algal growth on the perforated rotating cone of the traps was removed by brushing all surfaces as
often as twice daily. This algal growth occurred predominantly during the late spring and
summer months.

Seals between the interior of the live boxes and the moving parts of the traps were inspected
regularly to ensure proper fit and sealing. A vegetable oil-based lubricant was periodically
applied to nylon bushings that bear the rotating axle shaft of the trap.

2.1.4 Trap Calibrations for Abundance Estimates

Fish capture efficiency of the rotary screw trap system was measured at twenty-one intervals
during the monitoring period to encompass the range of changes in fish sizes, river stage,
turbidity, and Woodbridge Dam spill conditions. Both hatchery-reared and wild juvenile salmon
used for these mark-recapture tests were of Mokelumne River origin. Fin clips were used to
mark fish for these assessments. Fin clips were made by excising a small portion of the upper or
lower lobe of the caudal fin while the fish were sedated (ca. 70 to 100 mg/L tricaine solution).
Fish were allowed to recover in ¢ylindrical 25-L PVC live cars (30 cm diameter, 40 cm long with
soft nylon 2-mm Delta mesh covered ends) placed in a protected refuge in the low-stage fishway

Makelumne River Salmon and Steelliead Monitoring Program:
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for 6 to 24 hours before their release for the tests. A sample of 30 to 50 fish from each release
group was measured for FL and examined for mark quality before release.

Paired test releases, one during daylight (1-hour after sunrise to |-hour before sunset) and one
during night time (“2-hour after sunset to !%-hour before sunrise), were generally made for each
trap efficiency measurement interval. Marked fish were released at the crest of the spill over
flashboards on Woodbridge Dam. or near the fishway discharge (Figure 2). Fish released into the
spill crest were liberated on the spill erest’s falling portion so that none escaped upstream into
Lake Lodi. These release groups were divided into four or five groups of approximately equal
sublots and released across the entire width of the dam's spillway. The hydraulic head
differential between the upstream and downstream side of the dam ranged from zero to about
2.0m. We assumed that the release distance from the trap and the spill configuration of the dam's
discharge allowed fish to seek a preferred portion, or natural migration route, or to mix to a
homogeneous distribution within the river flow before encountering the traps.

2.2 Abundance and Timing of Emigration

The numbers of each salmonid species within each age class captured were stratified by day and
night and compiled daily. Morning (night) and afternoon (day) trap capture numbers were
combined to provide daily totals. Daily counts were compiled into weekly totals for several
analyses. Outmigrant young-of-year (YOY) chinook salmon abundance estimates were
generated from trapping efficiency results. Diurnal and nocturnal abundances were estimated
daily using the day and night trap efficiency rates, respectively, and summed to produce daily
total abundances. Abundance for each discrete period was estimated using the calculation:

Est. Abundance = [number of salmon captured| = [trap efficiency for applicable period).

For each day, nocturnal abundance estimates included fish passing during the full darkness and
the erepuscular periods (dusk and dawn) of the preceding night; and. diurnal abundance estimates
included fish passing during full daylight, generally 1 to 2 hours after sunrise until 1 to 2 hours
before sunset. Rotary trap abundance estimates were summed with the numbers of salmon
captured in the fishway-installed downstream migrant traps to generate daily abundance
estimates when these traps were operated.

2.3 Fish Size and Condition

Sizes (FL, TL) and weights obtained from subsamples of up to 60 salmonids per trap in each
day's trap catches were compiled. Fulton's Condition Factor, given as (100 x weight/T La) by
Bagenal and Tesch (1978), where weight is in grams and TL is in millimeters, was computed for
each fish. Daily and weekly averages for FL, TL, weight, and condition factor of YOY and
yearling salmon were computed and analyzed. Salmon fry were classified as those with FL<50
mm based on a general size criterion for ocean-type chinook salmon throughout their range
{Healy 1991).

Mokelumne River Salmon and Steelhead Monitoring Program:
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Injuries on trapped fish were described, recorded, and compiled daily, as well as the numbers of
dead fish found in the traps. Incidents of injury and mortality were examined with regard to
effects of predators, debris fouling of the traps, and other conditions that may have contributed to
their occurrence.

2.4 Physical Environmental Data

Daily environmental data for the period December 1997 through July 1998 were obtained from
the following sources:

River Flow passing Woodbridge Dam: U.S, Geological Survey (USGS) gauging station
(11325500) on the Mokelumne River located downstream of Woodbridge Dam near
River Kilometer 60.

WID's Canal Diversions: USGS gauging station (11325000) located in the canal near the
point of diversion at Woodbridge, California.

Local Watershed Precipitation: National Weather Service field data collection station at
Camanche Dam, San Joaquin County, California; and a Campbell Scientific Instruments
meteorological datalogger® at Woodbridge, California,

River Temperature at Woodbridge Dam: Ryan Model RTM 2000 thermograph’ installed
in pool No. 6a of the low-stage fishway or pool No.15 of the high-stage fishway and
surface temperatures generally measured twice daily, in the moming and in the afternoon,
with a mercury-filled thermometer.

Water Turbidity Index (Secchi Depth): Generally measured twice daily in the river
channel off downstream end of screw traps. or in Lake Lodi immediately upstream from
spillbay 1 at Woodbridge Dam. Measurements of nephelometric tubidity units (NTU)
were measured using a Hach® turbidimeter on water samples collected twice daily at
Woodbridge Dam.

Lunar Age and Regional Sunrise/Sunset Timing: 1997/1998 Old Farmer's Almanac,
Yankee Publishing Ine., Dublin, New Hampshire.

Sacramento-San Joaquin Delta Water Conditions: U.S. Bureau of Reclamation. Central
Valley Operations Coordinating Office, Sacramento, California and California
Department of Water Resources, Sacramento, California.

‘Campbell Scientific Instruments, Inc., Logan, Utah

*Ryan Instruments Inc., Redmond, Washington

Mokelummne River Salmon and Steelhead Monitoring Program:
1998 Juvenile Salmonid Monitoring Tasks 3 & 4 Repori
Page 7




2.5 Diel Migration Pattern Surveys

Diel migration behavior patterns of fall-run chinook salmon smolts were assessed during the
peak emigration period. Diel surveys were conducted at the Woodbridge Dam trap site on April
21-22, May 05-06, May 19-20, and June 09-10, 1998. Traps were tended hourly for 24 hours
during these surveys using the previously described fish handling and trap tending protocols.
Numbers of juvenile salmon captured during each of the diel surveys were compiled on an hourly
basis. Diumnal and nocturnal trap efficiencies were applied to hourly trap captures to compute
hourly estimated abundances of downstream migrant salmon smolts during the survey periods.

2.6 Coded-Wire Tagging of Wild Smolts at Woodbridge Dam Trap Site

Naturally produced juvenile salmon >40 mm FL captured in the traps were coded wire tagged
from March 01 through August 02, 1998. A 3 meter long Wells Cargo® trailer outfitted with
two marking stations, each with a NMT* Mark IV tagging machine, quality control device
(QCD), and recirculating anesthetic bath. and a flow-through fiberglass holding tank supplied
with pumped river water was stationed at the trapping site. Fish were tagged with one-half
millimeter binary CWTs (microtags) injected by the tagging machine into the head cartilage and
marked by excision of the adipose fin using Miltex® fine-tipped surgical scissors. Fish were
handled, as previously described for fish handling and measurement, with the additional
procedures of injecting CWTs, excision of the adipose fin, and passing fish through a QCD or
field microtag detector to ensure tag implantation before their placement into a recovery tank of
fresh, flowing river water. After recovery, fish were released approximately 100 m downstream
from the trap.

The quality of tagging and latent mortality associated with handling during tagging were assessed
at eleven intervals. Approximately, 30 tagged fish were placed in 25 L PVC live cars (previously
described} at densities of about 5-10 fish per live car and held in a protected area of the fishway
for 5 to 7 days. The live cars were checked daily for mortalities. At the end of the holding
period, all fish were mildly sedated with tricaine (ca. 30 to 50 mg/l), examined for quality of the
adipose fin clip, and passed through the microtag detector to confirm tag retention. Afier this
procedure, all fish were released as previously described.

2.7 Coded-Wire Tagging of Hatchery Smolts and Delta Survival Experiments

A 9 meter long Wells Cargo® trailer outfitted with CWT equipment was used to tag chinook
salmon smolts reared at the MRFI for mark and recapture experiments of smelt survival in the
Sacramento-San Joaquin Delta. The trailer was equipped with five marking stations (as
previously described). A stainless steel trough running along the length of an interior wall of the
trailer was supplied with continuously flowing water pumped from a hatchery water supply for

“Northwest Marine Technologies, Shaw Island, Washington.
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loading and holding fish in the trailer prior to being tagged. A PVC return pipe manifold system
that ran the length of the trailer's floor passing beneath each station served to collect and carry
tagged fish outside to a receiving raceway. Each station was plumbed to receive water pumped
from the hatchery water supply. This plumbing system provided water to operate the QCD's
hydraulic sorting switches, which separated correctly tagged from untagged fish, and to carry
tagged fish through the return pipe system. The trailer was also equipped with a recirculating
anesthetic system. This system consisted of a 120 L plastic barrel supply tank, aerator, and
submersible pump for pumping anesthetic solution through a heat exchanger in the bottom of the
flow-through holding tank, then to a PVC distribution manifold leading to each station.
Anesthetic solution returned to the supply tank through a return pipe for reconditioning.

Tagging procedure: Fish were loaded directly from the hatchery raceway into the trailer's
holding trough from which fish tagging technicians netted groups of fish. Groups of about 50 to
60 fish were mildly anesthetized in aerated, buffered, tricaine methane sulfonate solutions (ca 70
to 90 mg/L, buffered w/w with sodium bicarbonate). The temperature of the anesthetic solution
at each station was monitored regularly. The anesthetic solution was changed at 2 to 3 hour
intervals or more frequently if the time for induction of anesthesia increased to more than about
1.5 to 2 minutes. Once the fish were anesthetized, a Imm binary CWT was injected into the
head cartilage of each fish using the tagging machine, the adipose fin was excised with a pair of
fine-pointed surgical scissors, and the fish was passed through the QCD. Fish which the QCD
detected as untagged were automatically directed to a recovery bucket and the QCD issued a
warning tone to the operator. These fish were passed back through the QCD to check the
rejection and retagged if necessary. Efficiency of tagging, proper operation of QCD's, and tag
placement for each operator and tagging machine was checked two to three times daily during
tagging operations. Samples of 25 to 100 fish were collected from each station's QCD outflow
and passed back through another QCD for confirmation of tagging efficiency and QCD
operation. A subsample of 3 to 10 of these fish was dissected to confirm proper placement of the
tags and the tagging machines were adjusted if necessary. Machine cleaning, repair or
adjustment was conducted at the end of each tagging day.

Approximately 208,000 smolts at a size of about 200 fish per kilogram were tagged for the 1998
Delta survival study. These Mokelumne River origin fish were incubated, hatched, and reared at
MRFI. Four tag codes assigned to EBMUD were used during March 21 to April 3. 1998 to tag
these fish. The tag codes were allocated to four groups of about 52,000 fish each. Two tag codes
were allocated to each of two experimental release groups. This experimental design required a
compromise on independence of the replicate experimental groups due to space and manpower
constraints at MRFI. Therefore, the paired CWT groups were treated as sublots, since, while
reared separately, they were transported and released together to the release sites by CDFG. The
resulting CWT release groups were as follows:

Mokelumne River Salmon and Steelhead Monitoring Program:
1998 Juvenile Salmonid Monitoring Tasks 3 & 4 Report
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Experimental Group Release Site Tag Codes
“Test” Mokelumne River - Thornton 06-02-32 and 06-02-33
“Control” San Joaquin River - Jersey Point 06-02-34 and 06-02-35

The duplicated sublot releases allowed for a limited estimation of within treatment sampling

variance (“internal variance”) to assess reliability of survival estimates for each experimental
release (Burnham et al. 1987).

During the holding period prior to release, CDFG maintained records of all mortalities in each of
the tag code groups. Each of the tag groups were checked for tag retention and quality of fin clip
19 1o 26 days after being tagged, which was within one to two days of release. Samples of about
300 fish® for each of the tag groups were mildly sedated in a 50 mg/] solution of tricaine.
examined, and individually passed through a microtag detector set up alongside the raceway.
Thirty to fifty fish were measured (FL and TL) and weighed and their condition factors were
calculated. Then following the procedure outlined by CDFG, the proportion of fish detected
without tags for each sample was used to adjust for total numbers of fish retaining tags after
subtracting mortalities from the number originally tagged (F. Fisher. CDFG. personal
communication).

CDFG transported and released each of the composite tagged groups of fish. The “test”™ group,
06-02-32/33, was released at New Hope Landing near the confluence of the mainstem
Mokelumne River and the central Delta on April 21, 1998 (Figure 1). The “control” group, 06-
02-34/35 was released at Sherman Island across from Jersey Point on the San Joaquin River near
its confluence with the Sacramento River on April 28, 1998. A group of 30 to 50 released fish
were dip-netted and retained in 25 L live cars for 24 hours to observe post-stocking mortality.
Marked experimental release groups were recaptured by the U.S. Fish and Wildlife Service's
(USFWS) Sacramento-San Joaquin Estuary Fishery Resource Office using a standardized.
routine trawl sampling program at the western outflow of the Delta near Chipps Island (P.L.
Brandes, USFWS, Stockton, California, personal communication). USFWS processed
recaptured fish and identified CWT samples. Reports of incidental recoveries at the Central
Valley Project/State Water Project (CVP/SWP) diversion’s fish salvage facilities, the Real Time
Monitoring Program, and other Interagency Ecological Program sampling projects were obtained
as well.

2.8 Coded-Wire Tag Summaries and Assessment
Data for both wild and hatchery-reared groups included initial numbers of fish tagged, tag

retention, post-tagging mortality, size of fish at time of release, dates of release and release
objectives. These data were submitted to CDFG in their reporting format during May to

*This sample size was derived as sufficient to provide an estimate of tag retention with a 95% confidence interval
within £3% of the actual mean.
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December 1998. Tagging data for wild and hatchery release groups are presented in this report.
Tag recovery data for the Delta survival experimental releases were compiled by USFWS.
USFWS provided computed survival indices (S;) for each of the tag codes recovered during their
surveys. These data were evaluated for statistical validity by comparing homogeneity of sublot
recoveries using Chi-square analysis,

I1I. RESULTS AND DISCUSSION

3.1 Fish Abundances Monitored at Woodbridge Dam
3.1.1 Numbers of Fish Trapped

Trapping was conducted for 229 days from December 15, 1997 until August 02, 1998 at
Woodbridge Dam. Appendices A and B provide daily records of traps used, trapping effort, and
the numbers of juvenile fall-run chinook salmon and steelhead captured. Table | shows the
monthly distribution of thirty-two species captured at Woodbridge Dam. Juvenile chinook
salmon were the most abundant species. The most abundant non-salmonid species captured were
non-native cyprinids (minnow family) and centrarchids (sunfish family), and native prickly
sculpin (Cortus asper) and juvenile and larval Pacific lamprey (Lampetra tridentata). In general,
the life stages of all species captured were juveniles and subadults. Some adults of the smaller
sized species, such as prickly sculpin, golden shiner (Notemigonus crysoleucas), and smaller
sunfishes were captured as well.

3.1.2 Abundance Estimate for Downstream Migrant Juvenile Chinook Salmon

Abundance estimates for YOY fall-run chinook salmon were based on 20 trap calibration
intervals during the season (Table 2). Ten of seventeen paired day and night trap efficiency tests
resulted in significantly different (chi-square, 1 df, ¢<0.05) day-night trap efficiencies. When
diel efficiencies were different, traps were more efficient during the day for both fry (FL<50mm)
and smolts (FL=50mm). So, daily abundance estimates were stratified by day and night time
periods for computations.

Differences in diel capture probabilities of rotary fish traps for downstream migrant chinook
salmon have been reported for previous years on the Mokelumne River (Vogel and Marine
1998), the South Fork Umpqua River, Oregon (Roper and Scarmnecchia 1996), and the Stanislaus
River, California (Scott Spaulding, USFWS, personal communication). These differences vary
within and among years as well as among trap sites. No consistent trends relating diel
differences in trap efficiency to physical or biological environmental conditions have been
observed. Therefore, we recommend continuation of frequent paired day and night experimental
releases of marked fish for determining trapping efficiency.

Mokelumne River Salmon and Steelhead Moniforing Program:
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Table 1. Numbers of each fish species captured at the Woodbridge Dam trap site
(December 15, 1997 through August 2, 1998).

Species Life Stage Lrec |/ Jan Feb Mar Apr May Jun TulfAug
Chinook Salmon Age YOY 40 42,783 | 22,091 4.007 14,845 | 32460 | 10,455 67
{Oneoriynchus tshawyischa)
Age 1+ &0 2 l 25 5 0 0 0
Rainbow Trout/Steelhead Age YOY 0 0 0 1 4 & 13 25
(Oncorfynchis mykiss)
Age 1+ 170 229 3 13 16 5 7 3
Kokanee Juvenile 0 1 1 1 | 0 3 1
( Oncorfynchus nerka kenneriyi)
Pacific Lamprey Juvenile 0 2,086 3,011 9 (] ] 14 5
(Lampetra tridentara)
Adult 0 ] I 2 1 0 1 0
Sacramento Sucker Juvenile 0 1 i 1 1 0 0 g9
(Catostomus accidentalis)
Adult 0 1 I I 1 1 2 0
Bluegill Juvenile 104 164 a0 21 io 21 21 17
(Lepomis macrochirus)
Adult 7 62 12 35 74 86 89 17
Largemouth Bass Juvenile 2 0 0 0 0 1 1 0
(Micropterus salmaides)
Adult o 0 1] 0 1 0 1] 0
Striped Bass Juvenile 0 1 0 0 I 40 14 10
{Marone saxatilis)
Spotted Bass Tuvenile 7 12 20 | 4 13 40 62
[ Microprerus punciulatus)
Aduit 0 0 0 ] 0 0 I 0
Redear Sunfish Juvenile 0 0 l 2 1 2 8 0
(Lepamis microlophus)
Adult 8 15 4 4 49 94 6% 12
Green Sunfish Adult 1 0 ] 0 0 N ] 2
(Lepomis cyaneilus)
Prickly Scalpin Juvenile ] 16 0 0 15 10 271 a4
{Coltus asper)
Adult 17 194 43 27 Z3 | 2 0
White Crappie Juvenile 0 1 0 0 0 0 0 0
(Pomaoxizs annularis)
Black Crappie Juvenile P e 1 3 0 0 0 7
(Pomoxis nigromaculatus)
Adult 4 0 2 4 ] 5 2 1
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Table 1. Numbers of each fish species captured at the Woodbridge Dam trap site

(December 15, 1997 through August 2, 1998) (continued).

Species : Life Stage Dec Jan . Feb.| Mar Apr May Jun JuliAug
Channel Catfish Juvenile 0 3 3 2 3 1 1 0
(feralurus punciatus)

Adult 0 0 0 0 0 1 i 0
White Catfish Juvenile 0 l 0 0 0 2 3 5
(Ameiurus catus)

Adult 0 0 0 0 0 2 3 1
Brown Bullhead Juvenile 0 e 5 0 0 0 0 0
(Ameiurus rebulosus)

Adult 1 1 3 0 ] 0 0 0
Carp Juvenile I 0 2 ] 0 0 0 0
(Cyprimis carpio)

Adult 0 8 3 l i 1 | 7,208
Goldfish
(Carassius quratus) Adult 0 0 0 0 0 1 ] 0
Golden Shiner Adult 106 147 20 8 6 I 21 57
(Notemigonus crysolewcas)
Hitch Tuvenile ] I 0 0 0 0 8 g
(Lavimia exilicauda)

Adult 0 3 2 3 15 8 n 0
Sacramento Squawfish Adult 0 1 - 1 I 2 4 0
(Prychocheilus grandis)
Threadfin Shad Adult 22 2 30 16 2 4 2 1
(Doresoma petenense)
American Shad Juvenile 0 0 0 0 0 0 0 1
(Afosa sapidissimea)

Adult o 0 0 0 0 0 1 0
Bigscale Logperch Adult 0 0 0 2 0 0 0 0
(Percina macrolepida)
Tule Perch Adult 0 1 1 1 3 0 4 2
(| Hysterocarpus traski)
Splittail Adult 0 0 5 0 0 3 2 0
(Pogomichthys macrolepidaoius)
Muosquitofish Adult 2 2 0 0 I 1 0 0
(ambusia affinis)
[nland Silverside Juvenile 2 0 0 0 0 0 0 0
(Menidia berylling)

Adult ¥ 3 0 0 0 0 0 0
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Average trapping efficiencies were computed for relatively homogeneous time intervals when
multiple tests were performed. A time interval was considered homogeneous when river flow.
turbidity. spill configuration, fish size, number of traps in service, and observations of predators

did not change appreciably. Trap efficiency tests were applied as follows:

Trapping Period
12/15/97 to 02/03/98
02/04/98 to 03/14/98
03/15/98 to 03/20/98
03/21/98 to 04/09/98
04/10/98 to 04/30/98
05/01/98 to 06/21/98
06/22/98 to 06/26/98
06/27/98

06/28/98 to 07/10/98
07/11/98 to 07/16/98
07/17/98 to 08/02/98

Average Trap Efficiency

Day (95% C.I.)

Night (95% C.1.)

Range of
River Flows (cfs)

0.209 (0.190-0.228)
0.095 (0.086-0.104)
0.163 (0.141-0.185)
0.191 (0.158-0.224)
0.141 (0.120-0.162)
0.189 (0.169-0.209)
0.020 (0.004-0.036)
0.072 (0.051-0.093)
0.072 (0.051-0.093)
0.035 (0.021-0.049)
0.106 (0.071-0.141)

0.071 (0.054-0.088)
0.024 (0.020-0.028)
0.048 (0.035-0.061)
0.113 (0.093-0.153)
0.123 (0.103-0.143)
0.117 (0.101-0.133)

0.009 (<0.001-0.020)
0.009 (<0.001-0.020)

0.018 (0.007-0.029)
0.008 (0.001-0.015)
0.128 (0.092-0.164)

548 - 1,380
1.930 - 3.470
1,990 - 2,350
1.280 - 1,640
1,380 - 1,550
1.520 - 1.990
1,950 - 2,720

3.010
3,070 - 3,190
2210 - 2.820
1,700 - 2,180

Each day’s diurnal and nocturnal abundance estimates for the rotary traps were summed to
produce daily total juvenile salmon emigrant abundances. The daily diurnal and nocturnal
estimates of abundance, associated mean trap efficiencies, and periods of estimation used to
compute the overall abundance estimates are provided in Appendix C.

From December 15, 1997 through August 2, 1998, an estimate of 1,848,539 naturally produced
YOY chinook salmon passed the Woodbridge Dam trap site. The 95% confidence interval for
this abundance estimate ranged from 1,543,355 to 2.592.219. The infrequent and low daily
numbers of YOY steelhead captured precludes reliable estimation of their abundance.

The daily abundance estimates should be considered indices of relative temporal abundance for
salmon migrating past Woodbridge Dam (versus passing the rotary trap location). These
estimates do not quantify potential fish losses between the dam and the rotary trap location.
Actual fish losses between the spill bays, where trap calibration fish are released, and the rotary
traps, where trap calibration fish are recaptured, (e.g.. attributable to predation) are not known
and cannot be separately quantified with these indices.

3.2 Timing of the Downstream Migration of Juvenile Salmonids

Juvenile fall-run chinook salmon (BY97) exhibited a bimodal pattern of emigration in the lower
Mokelumne River during 1998 (Figure 3). Fry (FL<50mm) migrated in substantial numbers past
Woodbridge Dam during January and February followed by relatively few fish in March.
Increased numbers of larger juvenile salmon were observed to emigrate beginning around the
first of April. These juvenile salmon were composed almost exclusively of smolt-sized fish
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(FL>50mm) suggesting the beginning of a purposeful smolt emigration (Figure 4). This bimodal
temporal and life stage-specific migration pattern for juvenile fall-run chinook salmon has been
reported for the Mokelumne River during several recent years (Vogel and Marine 1994, 1996,
1998a.b, 1999). Figure 5 shows the weekly pattern of YOY fall-run chinook salmon abundance.

Abundance estimates indicate that about 70 percent of the BY97 natural production emigrated as
fry during 1998. This estimated proportion of fry emigrants is comparable to that for 1997, but
considerably higher than for other years (Vogel and Marine 1999)¢. The fry migration penod
oceurring principally during January through March was comparable to that observed in previous
years (Vogel and Marine 1999). It is common to observe some proportion of a juvenile chinook
salmon population to disperse downstream from the spawning grounds shortly after emergence
(Healey 1991, Kjelson ef al. 1982). Hydrologic conditions have been observed to have a great
influence on the magnitude of the fry emigration in the Sacramento River with a greater
proportion of fry emigrating from upstream river reaches during wet winters with high river
flows than during drier years (Vogel ef al. 1988). However, the destiny of these early migrating
fry varies among populations, according to Healey (1991); while some migrate directly to
estuaries, others may simply relocate to other suitable freshwater habitat along the river's length.

Yearling-sized chinook salmon were captured and observed at Woodbridge Dam during
December 1997 through April 1998, although not in any significant abundance (Table 1). These
fish all appeared to be residualized hatchery reared fall-run chinook salmon that were released at
Woodbridge Dam in October 1997, Juvenile O. mykiss (steelhead/rainbow trout) were not very
common at any time during the season except during a one month period following the release of
hatchery-reared steelhead smolts below Woodbridge Dam in December 1997 (Table 1). A single
0. mykiss fry was captured during January1998. YOY O. mykiss were not captured again until
after mid-March and only infrequently and in low numbers (Table 1, Appendix B).

“Although the 1997-98 monitoring season began 3 to 6 weeks earlier than in previous years, the vast majority of fry
were captured after mid-January 1998, And, while downstream migrant trapping began on different dates among
monitoring years, monitoring was in place by mid-January in most years. Therefore, we believe comparisons of
relative fry abundance between most years can be made with appropriate qualification.
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3.3 Size and Condition of Downstream Migrant Salmonids

Daily records of average TL, FL, weight, and condition factor, as well as the range of lengths and
weights of salmon captured at Woodbridge Dam are provided in Appendix D. Figure 6 shows
the mean and range of total lengths for YOY salmon based on sampling from December 15,1997
to August 2, 1998. Approximately 70 percent of BY97 production emigrated past Woodbridge
Dam as fry and 30 percent as smolt-sized salmon (Figure 4 and Figure 6). As in past years
(Vogel and Marine 1994, 1996, 1998a.b, 1999). the number of smolt-sized subyearling salmon
increased abruptly beginning near mid-March, signaling the onset of the smolt emigration.
Smolt-size salmon predominated catches from the week nearest April 1 through the end of
season and no fry were observed after the first week in April. The size of smolts increased
gradually for the duration of the season afler the onset of this phase of the emigration.

The condition factor of emigrating salmon fry ranged from about 5.1 x 107 to 6.8 x 10, with the
vast majority ranging from about 6.0 x 10™ to 6.5 x 10™* (Figure 7). This range in condition
factor of fry is comparable to past years. Yolk-sac fry less than 40mm FL occurred among the
earliest emigrants in January and February. Most fry captured during March were post-
absorptive (i.e., little to no yolk-sac remaining) fry/parr dominated by fish between 40mm and
50mm FL characterized by increasing condition factors. The abrupt occurrence of large parr and
smolt sized salmon in the traps affected increases in the means and the ranges of size and
condition measurements during March (Appendix D). The size of smolts migrating by
Woodbridge Dam increased throughout the smolt migration. Average condition factor varied,
but generally increased over the duration of fry and smolt emigrations (Figure 7). An exception
to this trend was the obvious decline in condition factor during the early half of April that
coincided with increased captures of smolt-sized salmon. This event was followed by a slow but
continuous increase in condition factor during the remainder of the season. This pattern of
change in condition factor between the fry/parr and smolt life stages of anadromous salmonids is
widely observed. The rather abrupt reduction in “plumpness™ characterized by declining
condition factor is thought to reflect a change in overall bioenergetic balance associated with the
metabolic rigors of salmonid smoltification, as well as, adaptive morphologic changes for life in
the ocean (Hoar 1988).

Of 51 YOY O. mykiss captured, 2 were fry (FL<40mm) captured in January and March. The
majority of YOY O. mykiss were captured from mid-April through July and were classified as
parr ranging from 50mm to 128mm FL.
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3.4 Effects of Physical Environmental Conditions on Downstream Migrants
3.4.1 Diel Periodicity of Fish Migration Past Woodbridge Dam

The hourly patterns of migration of juvenile chinook salmon passing Woodbridge Dam were
documented on four occasions during April to June 1998 during the height of the smolt
emigration. These results are shown in Figure 8, The majority of fish migrated at night during
during each of the four synoptic surveys. Crepuscular peaks in passage were exhibited during
each survey. This diel migration pattern has been the most common observed for Mokelumne
River salmon smolts in over nine years of study since 1990 (Bianchi et al. 1992, Vogel and
Marine 1998b, 1999). Only in 1996 and 1997 were any differences observed, when dawn and
daytime passage dominated during the latter part of the season (Vogel and Marine 1998b, 1999).

3.4.2 Water Temperature, River Flow, Rainfall, Turbidity, and Lunar Phase

Daily average river flow, water clarity and turbidity, and water temperatures for the Woodbridge
Dam trap site are provided in Appendix E. Daily rainfall at Camanche Dam, rainfall and
barometric pressure at Woodbridge, California, lunar phase and times of sunrise and sunset are
included in Appendix E.

Figure 9 shows the daily river flow, Woodbridge Canal diversions, periods of rainfall, and
turbidity at Woodbridge Dam. River flow levels were primarily related to changes in releases
from Camanche Dam. Changes in accretions below Camanche Dam were not easily detected at
the flow levels occuring during the season. Turbidities varied with transient increases (up to 30-
fold) reported during periods of rainfall and river stage changes. January and February storms
were associated with the highest turbidities. Increased Camanche Dam releases by themselves
were not associated with noticable changes in turbidity.

Figure 10 shows the hourly water temperatures recorded at the trapping site. Diel fluctuations in
water temperatures increased through the season from less than 0.5°F in December and January
to about 2°F in June and July. We computed mean daily water temperatures for comparisons
with the daily numbers of downstream migrating salmon (Appendix E).

Some researchers have reported that juvenile salmon emigrations tend to oceur in multiphasic
peaks or pulses; these pulses may correspond to increased flow, other hydrologic events, and
ecological conditions (Healey 1991). For example, research by Kjelson et al. (1982) and Vogel
(1989) in the Sacramento River reported increased downstream movements of fry chinook
salmon corresponding to increased river flows and turbidity. We examined potential migratory
responses to these environmental factors and the potential influence of water temperature, lunar
phase, and precipitation. As in past years, no general associations of migration abundance
corresponding to specific individual factors were apparent (Figures 11 and 12). Peak daily
catches of fry almost all occurred during storm events and increased turbidity. However, the
magnitudes of rainfall and increased turbidity were not associated with the magnitude of fish
abundance. Most changes in migrant abundance appeared to be associated with season or size.
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migrating by Woodbridge Dam during Apnl through June 1998.
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Figure 10. Hourly water temperatures recorded at Woodbridge Dam from December 15, 1997 through

August 2, 1998.
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This latter pattern is illustrated by the apparent size threshold response denoting the abrupt onset
of migrating smolts in April (Figure 4). This “threshold response” is supported by observations

of increasing numbers of smolt-sized salmon during April with relatively few intermediate sized
salmon (40 - 50 mm FL) occurring in the traps after the subsidence of fry emigration in March.

3.5 Comparison of Annual Juvenile Fall-Run Chinook Salmon Downstream Migrations
During 1990-1998

Data for 1998 represent the ninth consecutive monitoring season for juvenile chinook salmon
emigrating from the Mokelumne River. Outmigration monitoring methods have changed and
have been refined over the years. Outmigration is monitored solely through the fishways under
low flow conditions. with use of rotary fish traps when flows are higher, and with combinations
of the two methods at intermediate flows. During 1990 -1992, only the fishway traps were used
for smolt monitoring, During 1993 - 1998, rotary traps were used for all or portions of the
season. And in 1994 and 1997, the fishway traps were fished during portions of the season, at
times in combination with the rotary traps. Because of these differences in methodologies
between years, direct comparisons among years must be made with some qualifications.
However, certain generalized comparisons between years are possible.

The timing of juvenile chinook salmon emigrating past Woodbridge Dam for each year since
1990 is presented in Figures 13 through 15. For the 1998 outmigration season, downstream
migrant monitoring was started in December 1997, approximately 3 to 6 weeks earlier than in
most years, except for 1994. Salmon fry were intermittently observed in small numbers as early
as mid-December 1997 but in significant numbers by mid-January 1998. This pattern contrasts
with 1994 when outmigration monitoring was continuous from October 1993 through July 1994,
Few fry were captured migrating by Woodbridge Dam during that year (Figure 14). If the
patterns for 1994 (a dry year) and 1998 (a wet year) reflect a normal range of fry emigration in
the Mokelumne River, then past years with monitoring start dates by the third week in January
may be compared for juvenile fall-run chinook salmon emigration timing and relative abundance.

Fry emigrant abundance varies but has dominated that of smolts for each year since 1995. This
pattern differs from the emigration timing exhibited in 1993 and 1994. The onset of smolt
emigration begins from the latter half of March through early April. The timing of the peak
smolt emigration varies within about £2-3 weeks during May and June, but the duration of this
migration period varies more between years. River flows during 1990, 1991, 1992, and 1994
were substantially lower during the principal migratory period than river flows in 1993 and 1995
to 1998 (Bianchi et. al, 1992, Vogel and Marine 1994,1996, 1998, 1999). Water temperatures
recorded in 1991 and 1992 at Woodbridge Dam were approximately 1 to 5 °F higher than during
comparable periods in later years (Bianchi et. al. 1992) . Water temperature data for 1990 were
not available. Higher daily water temperatures during the early part of the smolt migration
period may partially account for the earlier smolt-sized salmon outmigrations observed in 1991
and 1994 (data in Bianchi et. al. 1992, Vogel and Marine 1994, 1996, 1998a.b. 1999).
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The natural production of BY97 juvenile fall-run chinook salmon emigrating from the
Mokelumne River, estimated at 1.848.539 (-1.336.768 fry and -511.771 smolts), was the
highest total production estimated since 1990. Both fry and smolt migrations exhibited large
increases in 1998 compared to earlier years. While caution must be used in making direct
comparisons between years because of differences in sampling periods, data are sufficient to
suggest that the timing of fry and smolt emigrations is fairly consistent but the magnitude of the
numbers of fry migrants varies to a greater extent than that of smolts. This phenomenon is
observed elsewhere in the range of chinook salmon, such as the Big Qualicum River on
Vancouver Island where numbers of emigrating fry may vary by as much as 100-fold annually
but emigrating smolts by only as much as 10-fold (Lister and Walker 1966).

3.6 Assessment of Survival of Juvenile Chinook Salmon Migrating Through the
Sacramento-San Joaquin Delta During the Spring of 1998.

3.6.1 MRFI Chinook Salinon

Table 3 provides the release and recovery data for tagged fish groups used for the 1998
assessment of Delta survival of salmon smolts emigrating from the Mokelumne River. Table 4

gives specific release data for all of the tag groups marked and released as part of Mokelumne
River fishery assessments in 1998.

Table 3. Release and recovery information for four groups of Mokelumne River
Fish Installation CWT juvenile fall-run chinook salmon captured at the
Chipps Island USFWS trawling station, Spring 1998,

Mumber Date of Date of :‘Number of Days e Ig'r:[fliunf i
Tag Release of Fish First Last Fisli:- at Minutes- | of Time Estimated
Code Date Tagaed Catch Catch Becovered Large Sampled Sampled Survival
(0a-02-32 04/21/98 51,107 04/26/08 05/17/98 43 22 §435 0.2663 0.4395
Thomton
(6-02-33 42198 51372 04/26/98 05/15/98 an 20 76493 02672 02841
Thormton
06-02-34 (/28098 51,228 (4/28/98 05/14/98 LD 18 6100 0.284% |.0344
Jersev PL.
(6-02-35 (04/258/98 32128 4/28/53 051 608 103 20 Th35 (2851 9878
Jersey PL

The USFWS formula for calculating estimated fish survival based on recoveries of tagged fish in
trawling samples collected by the USFWS near Chipps Island is:

Estimated Survival = R / [ (M) (30 feet / 3900 feet) (Proportion of Time Sampled) ]
where R = number of tagged fish recovered and M = number of fish tagged (Mark Pierce,
USFWS, Stockton, personal communication). A calculated value of 1.0 would represent
100-percent survival.
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Recovery of the tagged fish from the rest group was somewhat greater than past vears’ results for
fish released at New Hope Landing. Recovery of both fest and conrrol groups occurred
homogeneously over about 2 two weeks after their release (chi-square for tagged sublots, 1df,
P>0.05). More tagged fish from the control group than from the rest group were recaptured in
the Chipp’s Island trawl (Table 3). Estimates of relative swrvival, which is the differential
survival between the fest and control groups, were calculated from USFWS’s survival indices for
the different groups (Table 3). These relative survival estimates ranged from 0.2694 to 0.4449,
with an average of 0.3547 (95%C.1.= 0.2675 - 0.4419). Delta hydrologic conditions were
characteristic of a very wet year and relatively stable during April and May when tagged fish
were recovered by the trawl, and presumably in the Delta. The daily average Delta outflow
ranged from about 60,000 cfs to 70,000 cfs during the period that tagged fish were being
recaptured. Pumping rates at the Central Valley Project (CVP) and Contra Costa Water District
diversions changed little, while the State Water Project (SWP) diversion increased during this
period (Appendix F). No study fish were recovered at fish salvage facilities at either the CVP or
SWP diversions.

3.6.2 Comparison of Annual Delta Survival Results for Mokelumne River Smolts

Table 5 summarizes the results of eight vears of survival investigations of fall-run chinook
salmon smolts emigrating from the Mokelumne River through the Delta. From 1991 through
1995, releases were made early and late in the outmigration season to examine potential seasonal
differences in effects of Delta operations on smolt survival based on USFWS’s Chipps Island
trawl recovery survival index. Since 1996, coded wire tagged fish releases have been performed

in an experimental framework that provides for a refined estimation of actual survival based on
USFWS’s trawls at Chipps Island.

Recoveries of coded wire tagged hatchery smolts during 1998 suggest smolt survival was
relatively high compared to earlier years. The 1998 test groups released at New Hope Landing
had a mean survival index of (.36 which was the fourth highest observed since 1991, The
differential survival value (0.35), which is an estimate of actual survival experienced by
emigrating smolts. was the highest for this type of experiment using Mokelumne River salmon
since they began in 1996.
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Table 5. Mean Delta survival indices for experimental releases of coded wire tagged

fall-run chinook salmon smolts reared at MRFI and released in the Delta
from 1991 to 1998,

Experimental Release Type and Location
Early Late Test Control Z 3 =
= Season SERE Group Group Differential Survival
Migration (New Hope | (New Hope (New Hope Jersey between Test and
Year Stock Landing) Landing) Landing) Point) Control Groups *
1891 Feather R 153 0.47 n'a n'a n/a
1952! Feather R. 0.14 0.06 nfa n'a n'a
1993 Feather . 027 0.11 n'a n'a n/a
954 Mokelumne R. a.11 07 n'a n‘a n/a
1995 Mokelumne E. 0.48 (r.49 nia n'a n'a
1996 Feather R. n'a n'a 0.27 1.77 0.15
1997 Mokelumne R. n'a n'a 0.14 0.57 0.26
1998 Mokelumnes B. n'a n/a 0.36 1.02 035
' Survival index values for this year are based on release groups consisting of a single tag code.
* Differential survival value is the mean of individual ratios of test and control survival indexes.

The 1998 Mokelumne River smolt survival in the Delta was comparable to that reported for
similar experiments performed with Merced River smolts (Table 6). These coded wire tagged
smolts were released at the entrance of the San Joaquin River in the Delta near Mossdale and
Dos Reis Park. Both of these Merced River release groups experienced similar survival relative
to their control released at Jersey Point (0.30 and 0.32, respectively). A replicated experiment in
the San Joaquin River using Feather River Hatchery origin smolts was performed for
experimental validation purposes by USFWS: the results of which were different from that using
the Merced River Hatchery origin smolts (Table 6). This suggests that use of out of basin stocks
for these types of experiments may not yield representative data for the stocks of interest.
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Table 6. Results of USFWS/VAMP Delta survival experimental releases of coded
wire tagged fall-run chinook salmon smolts from Merced River Hatchery
and Feather River Hatchery, Spring 1998.

Differential
Reported Survival
Number Release Survival | Compared to Jersey
Stock ' Released Date Release Location Index Point *
MRFF 77,855 4/16/98 Mossdale, San Joaquin R. 0.5583 0.30
MRFF 77373 4/17/98 Dos Reis, San Joaguin R. 0.5948 0.32
MRFF 60,271 4/20/98 Jersey Point 1.8400 nia
FRH 33,989 4/23/98 Maossdale, San Joaquin R. 0.1008 0:15
FRH 48,101 4/24/93 Dios Reis, San Joagquin R, 0.1732 0.26
FRH 44,109 4/27/98 Lighthouse Marina, 0.8765 nfa
San Joaguin R.
FRH 31,198 4/28/98 Jersey Point 0.6688 n/a
"MRFF=Merced River Hatchery; FRH=Feather River Hatchery
* Differential survival value is the ratio of test site’s reported survival index to that of associated Jersey Point
control release.

3.6.3 Wild Chinook Salmon Smolts Coded-Wire Tagged at Woodbridge Dam

Appendix A provides a daily record of the numbers of wild fall-run chinook salmon fry/parr and
smolts captured, coded-wire tagged, and released at Woodbridge Dam. Additional relevant data
are provided in Table 4. Fish were tagged from March 1 until August 2, 1998. Five microtag
codes ('4-size tags) were used during the season to tag 55,632 fish (Table 4). Approximately
8,500 of these juvenile salmon were fry/parr marked and released during March 1998.

Latent mortality ranged from 0% to 8% with 14 fish out of 282 held that died in 10 separate tests
(6 to 7 days long). Tag retention efficiency ranged from 74% to 100% during these tests. In
ceneral, tag retention was 90% to 100%. Procedures were evaluated and modified as necessary
when tag retention declined. Tagging reports were submitted to the CDFG in August 1998.
Thirteen wild fry/parr tagged from March to early April and 20 wild smolts tagged from April to
May were recaptured by the USFWS trawl at Chipps Island from April to June (USFWS
unpublished data).
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ACRONYMS

Acronym/Abreviation Definition
CDEG Califormia Department of Fish and Game
cfs cubic Teet per second

cm centimeter

cvp Central Valley Project

CWT coded-wire tagged

oo diszolved oxygen

EBMULD East Bay Municipal Utility District
FRH Feather River Fish Hatchery

FL fork length

K average condition factor

L Liter

m mELers

ml milliiter

mm millimetgr

MEFF Merced River Fish Faciliny

MEFI Mokelumne River Fish Installation
MRS Matural Resource Scientists; Inc.

PVE polyvinyl chloride

QD quality controf device

EM river mile

5D standard deviation

WP State Water Project

TBS tor be supplied

TL total length

LISFWS United States Fish and Wildlife Service
UsGSs United. Semes Geological Survey
VAMP Vemnalis Adaptive Management Plan
WID Woodbridge Imgation District

WIDD Woodbridge Imgation District Dam
Wi water quality

oW formulation made by combination on a dry weizht to dry weight ratio
YOY YOUnE=0f-yomr
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Appendix C. Estimated daily abundance of downstream migrant salmon: December 15, 1997 -
August 2, 1998,

Mate: Differences in folalz may ba aftibutabia to rounding.
Maiues in parentheses are estimated diel allocations of figh catzhes over 24 hours or lonoer.

YOY# YOY & Trap EN Trap Ef | EstNe. YOY | EstNo YOY | EstNo YOV | 85% Confidence interval
Date Day Might Day Might Day Might Total | Hi La
121597 [ ] 0208 0.071 o o [ 3 [ o 0
121687 {0} i) 0.208 0.071 o o ‘ 0 0 | 0
121 7ET {0y {4 0.209 .07 1 53 54 71 a4
. 12118097 o) ) 0.209 0.071 0 R 0 0
121190a7 {a} +3] 0,209 0.071 o i} a o 0
122007 10) () 0.209 0,071 2 20 B2 107 &6
12121797 {0) (o 0.208 0:071 0 o 0 ] o
12r2287 (o) 1 o2e | 007 0 13 14 18 11
122387 (o) (o 0.200 0.071 0 0 0 o e
1272407 (o (2 0.208 0.071 1 27 27 38 22
12/25/7 {0y (0 0.208 0.071 0 Q 0 ] 0
= 12726107 (o) @ | oo20m 0.071 2 BO az 107 66
122787 (o) 13) 0208 0071 1 20 a1 53 33
12028097 (o) {4} 0.209 0,071 1 53 54 71 a4
12726097 (3 {7} 0.209 o071 z o3 o5 125 77
123097 ) () 0.203 0.071 2 o3 g5 125 77
1213157 (5l [ls}] 0209 0.071 3 ] 3 | 4 3
oio1/es 2 (12 0.208 .07 g 173 182 237 148
oi0zes 2) (32) 0.208 0,071 - £53 452 806 a7
= OHA/EE {3) 33 0,208 0.071 12 46T 479 827 388
DH04/BE 2 (48) 0.200 0.071 0 [ 654 8684 870 537
o1/0S08 {7 {38 0.208 0.074 32 534 567 | 73D 461
0/0as i3 {128 0,209 0071 1 1774 17 2350 1446
01/mTe8 (2 (50 0,209 0.071 1 540 851 1117 £88
01/MED8 3 (40} 0,208 0.071 16 | =60 576 754 458
01mama 2 | =B 0,209 0.071 10 827 837 1083 877
o1rf0ma 2 ) 0,208 0.071 10 547 556 730 450
0111/ i2) | e 0,208 0.071 11 507 518 7S 418
o1/12/8 (8 {43} 0,200 0.071 = 800 839 paz 520
oiams | 72 {148) 0.200 0.071 344 2054 | 230 3080 1673
01/14/88 3z 1047 0,200 007 153 14324 14477 189002 11687
oisss | 3z | as3 0.200 0.071 153 6521 6a74 ar42 5402
pifeme | @ | 7sR 0,208 0.071 166 10650 10378 14260 8795
o117/58 | (g | {884) 0.209 0.071 235 T 10012 13113 5103
01/188 a2 (7T 0.209 0074 199 12351 12550 16458 10148
BRIl 58 | a3 0208 0071 278 10470 10748 14072 a7z
01720088 a7 | 3898 0.209 0071 177 54873 E5050 72343 24435
[ Trgt -t 22 | 1907 0,208 0.071 105 15852 15687 20616 12676
ovzzse | 58 ars 0.209 0.071 278 12324 | 12801 18509 10158
= 0112398 | &5 1223 0,209 goT1 | 288 17225 17493 2943 14143
0124788 104 2080 0,208 0.071 498 20296 8762 | 36066 24083
01/25/58 {105) (2756) 0.208 0.071 502 38380 30882 52330 32233
01726508 104 (1874) 0.208 0.071 £88 | 26396 28584 35253 21753
oaraTIoE 168 3283 G.208 0.071 804 47225 48029 62977 38839
01728098 234 3452 0.209 0.071 1126 48620 45738 65158 40254
oirzaa 104 3263 0.200 0.071 428 45558 #6455 BOET3 a7538
01r30/es 38 Bazg 0.200 0.071 488 961R3 96652 126979 78032
01/a1ms (4] 5318 0.209 0.071 474 74915 75385 ga021 #0878
o2e1Ee {ag) {1770} 0208 Q.07 a27 24829 25356 33245 20504
O20ZGE 17 (1525) 0.208 0071 B 22461 22843 20622 18787
02/03/98 8O0 2183 | 0,200 0.071 3828 30746 34574 44636 28316
02/n4/ms (554} (TETE) opes | o024 5838 332315 335151 405225 290772
O2nsmss 112 1176 0088 0.024 1178 43000 0179 60102 £3077
oz2oems | | 0.085 | no2d | o 0
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Appendix C. Estimated daily abundance of downstream migrant salmon: December 15, 1987 -
August 2, 1998,

Mete: Diferences in iotals may be attributable 10 reunding.
alues in parentheses are astimated disl allocations of fish catches over 24 hours or lonper.

YOy# Yoy # TrapERf | TrapEM  EstNo YOY  EstNo YOY | Esl Ne YOY 5% Confioence intenal

Cate Dy bieght Cay |  Night Day Might Tolal Hi Lo
020708 (20) asz 0085 | 002 208 25500 35708 42830 30618
C2/08/98 {20) {284 ooes | o024 207 11843 | 12050 nasa0 10340
20888 28 (282) 0.085 o024 | 308 11765 12071 4458 10363
02M10/98 41 EL] 0.0%5 on2d | 43z 41187 21588 4BETT 35680
021 1/28 25 £33 0,085 oM. | 263 17628 17838 21481 15348
D229 {83 146 0.085 0.024 ag BOE3 E172 7388 5296
02308 & (125 poes | ooz | a8 5085 | 5148 B171 4418
02496 13 a7 0.085 pazs | 1S anez a178 S001 3588
D2/15/88 a 147 0.085 oozs | az 6125 6157 7 5278
0262 & 3 0,085 0.024 a3 1458 1521 1820 1
caires | 12 48 f.085 Do2e | 128 | 2042 2168 2580 1885
p2iiBma 12 203 0,055 0o2¢ | 126 | 6458 B585 10280 7365
02Haes T 81 0.085 ooze | 74 | 3375 3445 4131 2080
oxzes 13 = 0.0ss 0.c24 137 3833 2870 4751 Ba11
Q272198 5 102 0.085 0.024 53 4250 4303 5158 369
oaizzrme 13 181 0.095 0024 137 7542 7678 8201 | B5ag
o2/zaes B 8 0005 | o | B3 | 4125 4188 5020 a5es
0224098 30 222 0095 0.024 ai6 F250 0566 11448 8217
Q2588 s 155 0.095 0.024 211 6458 BG5S T9E3 5728
O2/Z6/88 12 227 0095 0.024 126 oa5g O585 11480 B2Z3
O22TIH8 15 344 poss: | DO24 158 | ss208 14388 17224 12323
022808 20 | 254 0095 | 002 241 10583 10754 12033 5264
DADIEE | 1% [ =52 o0ss | 0024 200 [ ®eas | &oE3 10821 7754
pa0ZoE | 19 ; g0 0095 0.024 200 3TED 3950 24721 3367
oaioaes | 5 B3 0,065 | ooz 53 2458 | a5m 4208 32
caD4mE | 4 55 0095 | o024 42 2333 2375 2847 2038
0A0SEE | a 83 oo9s | o024 21 3708 ITED 2473 3158
O3DEGE | 1 ] 00Is | 00Zs 1 2875 2BAE 3462 2474
0aANTIEE | 7 158 opes | Do2 74 8500 B574 781 S638
DADAGE | i 5 £.095 | 0024 1B 1817 1927 2312 1652
0300EE | 4 20 o0es | 0024 42 1667 | 4709 2047 1467
o3nooe | 9 oS | 0074 25 1833 1628 2305 1658
0311498 | 2 | 34 0.085 0.024 21 W7 1438 1723 | 1234
parzes | i 28 0.055 | 0.024 1 1582 | 1584 g1z | 1367
031388 | 3 i 28 0,095 0.024 32 | 1187 | 118 1435 1020
03/14/98 o 42 0.095 0.024 o | 7m0 | 170 2100 | 1500
0358 | (D) | o 0163 0.048 43 [ | & 50 ! 48
oaMeeE | 5 49) 0,163 0,048 A | 1020 1050 1434 28
DAMTISE 2 az [ o183 0.048 12 | 8T a7% 225 [ 535
03188 | 0 B | o163 Do48 | D | =83 583 800 | 459
03/1988 | 1 11 0183 D48 | & 229 235 321 188
0a/20/e8 10 54 0,183 0,048 &1 1125 1186 1614 538
narzios i 40 0,191 0.113 31 354 385 | ass 288
oazaes 1 a4 0481 0,914 5 3 306 |  ara 227
0X23/98 1 7 011 | G113 5 150 16 | 188 118
oa24m8 | 3 24 0,181 patd | e e || 2 | aw | 170
Q2508 7 5 0o 0113 a7 230 | 267 ol | 20
0/26/58 36 a1 0191 0.113 188 | 383 551 568 426
L2788 30 182 0181 0113 157 [ 16811 1768 2147 1323
0328798 7 370 0181 0.113 a7 | zem4 2311 023 2450
03/2HEE 38 210 o1l | o113 188 1858 2047 | 2486 1533
[aicTcla =T 51 457 | oot o113 | 267 | a3ce 4865 SEET B4TE
03:31/28 115 1080 0491 D113 602 | 5281 =]k 12126 T441
D4/01/88 24 818 0. 0113 128 6123 8258 10034 6114
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Appendix C. Estimated daily abundance of downstream migrant salmon: December 15, 1887 -
August 2, 1998,

Mote: Differences in totals may be sttibuiable to rounding
‘aluas in parenineses are estimated dial allocatons of fish catches over 24 hours or longer,

Yo" YO¥# | TranER TrapEM  EstNo YOY EstMNo YOY EstMNo YOY 85% Confidence interval
Dale | Day Night Day Night Day Night Total o Lo
nam2se | 14 508 | 0481 0113 73 4495 4558 5551 2383
04/03/98 ar 282 T 0113 184 2456 2680 3265 2008
04/04/98 2 602 0181 0,113 204 5327 5532 6720 ai0g
. 04/08/08 51 579 0.181 o113 267 524 5381 G545 £012
D4/06/88 27 522 0.8 0:113 181 4812 4781 5764 3532
04/07/98 113 62 o191 0.113 g92 6743 7335 4o0g 5465
D4i0aMmE 142 1263 6181 o33 | 743 hiFird 11820 14478 BAES
I D4/00/o8 &8 451 0181 0113 241 4345 4586 5571 315
Das10/88 85 572 0141 | 123 481 4850 111 G025 4409
0471158 93 621 0141 D123 860 £0dg 5708 6B04 ag17
o4h2ed 91 660 0,141 0.123 B45 S366 6011 7166 5177
0471388 a5 532 0141 0123 | 248 4325 4573 | 55 3536
04r14i28 131 448 0,441 0123 | B2E 3526 4355 5422 3528
04715/58 21 812 0341 | 0123 148 6802 B751 8058 5808
0411608 1 420 0.141 0.123 433 3415 3847 4588 3314
o4nviee | 43 67 0.141 0.123 305 BAES 5400 TO2E 5070
D4/18/38 rd 245 0.141 0.123 50 1882 2042 2437 1756
a1 58 : 4 227 0141 0123 28 1846 1874 2237 1612
C4/20/08 4 108 0,141 0.123 28 ara 205 1082 780
04/21/58 54 111 R ES | 0.123 383 an2 1285 1528 ki
p4/22r38 | 10 177 0.141 0.123 71 1438 1510 1802 1209
D4Z3me | 13 184 £.141 0.123 g2 1877 1668 1982 1437
Dalzams | 80 266 0141 0123 587 2183 2730 3248 2354
04/2508 1M 512 0,141 0.123 787 4163 4850 5886 4286
D4/26/08 20 161 .14 01z 142 1308 1451 1720 1249
D4/27/58 | 6 148 0.141 0123 43 1203 1246 1487 072
0D4/28/98 g 32 0,141 0.123 4 260 324 385 279
04/20/08 18 210 0.144 0123 135 1707 1842 2187 1586
D4/30/08 43 357 0141 o frc] 348 2g02 5250 3874 780
050188 34 £4g 0.138 0117 180 3781 3841 4558 3T
050298 L 534 0.189 0117 450 4564 5014 5780 4422
05/MasE 81 BB 0.188 | ©I17 429 7358 TTBE ‘ 2004 BSE1
O5/04/98 162 4936 0188 | o147 B57 ap00 BEST 10226 7813
05/05/98 145 . 0.188 0.117 767 11573 12340 ‘ 14266 | 1paTe
Qa0ake | 476 2225 | B8 LBk 2319 18017 21636 24846 18007
osiorrgs | 81 3140 0,159 017 429 mwe3e | 27266 31568 23087
05DEEE | B85 1158 0189 017 344 BEg7 10241 11850 o018
osmoeme | 118 1045 0.189 017 G24 Bg3z2 9556 11045 | 8422
05/10/98 58 498 0.138 0117 307 4285 4572 5284 | 4028
D5/41/98 203 2308 0188 0117 1074 18708 20783 24033 18310
052588 121 1168 oasg. | L7 640 2556 10606 12261 2346
05/ 308 | 127 1141 0UER. | 0147 B72 8752 10424 12048 2187
O5he/es 386 421 oABE | muT 1937 3598 5535 6334 4817
051508 188 1588 0188 | DAY 1037 13402 14430 1B&ES 12727
0511698 260 1564 0183 | 0117 1378 13388 14743 17024 13003
D5/ 7/08 a5 00 0182 oy | 508 3418 gy | 428 | 3467
O5/1 888 175 oEg 0189 o117 | -8 | 8282 g208 10630 | 8123
0518/98 240 218 0.182 017 1270 1872 5142 3sem | Z7os
05/20/88 185 75T 0.189 0.7 1032 5470 7ROZ | gean 6525
0521198 75 585 0,188 017 357 5085 5482 6335 4333
05f22/8 122 353 0,189 0.117 645 3274 3918 4514 3483
Os2an8: | BO 440 0.189 LT | o423 aren 4184 4530 3891
D5/24/m8- | 128 383 0,189 oif?r | 877 3274 3851 4549 3402
03i25m8 | 87 383 0,183 oy | 33 335y 3ay2 4485 3418
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Appendix C. Estimated daily abundance of downstream migrant saimon: December 15, 1997 —-
August 2, 1998,

Mote: Differences in totals may be sttributadle 1o rounding.
‘alues in parentheses are estimated diel sllocations of fish caiches ower 24 hours or lonpsr,

YOY# YOY # Trap Eff Trap EN | EstMo YOY  EstNo YOY EstNo YOY |  85% Conhdence Intarval
Ciale Day Night Day Might Dy Night Tatal [ Lo
05/26/88 34 378 0.8 017 180 214 3354 3524 2890
Dai27/08 21 204 0185 0117 217 1744 106t 2262 1730
052698 a4 567 0188 0,117 peick] 5017 E250 5072 4624
ns/20/08 258 756 0180 0,417 1354 6462 7816 2000 G208
0513088 218 426 0.189 0,147 1153 5841 4794 5508 4248
05/31/88 132 702 0188 0117 £98 &008 6707 7747 5917
OB/D1/98 157 | 564 0188 0T 231 | 4m21 5551 E513 2952
Dem2ise B o D188 D117 o [ o 0 | o D
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Appendix C. Estimated daily abundance of downstream migrant salmon: December 15, 1997 --
August 2, 1898,

MNote: Differences in tatals may be attributable to rounding
Valuas in parentheses are estimated dief allocatons of fish caiches over 24 hours of longsr.
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